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SPECIFICATION 

Suture forming tool 

5 This invention relatesto suture forming surgical 
apparatus and more particularly to a surgical tool for 
suturing an epicardial pacer electrode to heart tis- 

Heretofore, a pacer electrode was attached to a 

10 heart by either conventional suture techniques that 
require a thoracotomy to expose the heart or by con- 
structing the electrode to provide its own means of 
attachment and usually directing it to the heart 
through a vein. Both of these approaches, however, 

15 have disadvantages. A thoracotomy requires a large 
incision in the chest or thorax and carries with it the 
high risks associated with any such drastic surgery. 

Electrodes with their own means of attachment, 
for example the corkscrew-lil<e device described in 

20 U.S. Patent No. 4,000,745, traumatize the heart at the 
point of electrical stimulation. Trauma, in turn, 
causes scartissue to form. Because scartissue is a 
poor electrical conduction medium, more current Is 
needed to properly stimulate the heart and the cur- 

25 rent requirements may vary with time. U.S. Patent 
No. 4,066,085 to Hess describes a resilient epicardial 
electrode with prong-like attachment hooks separate 
from an electrical stimulating coil. While this device 
minimizes the trauma at the point of electrical 

30 stimulation, it must be inserted directly using 
forceps or the like. This requires drastic surgery to 
provide access for the implantation. U.S. Patent Nos. 
3,754,555; 3,902,501 and 3,814,104 describe known 
pervenous, endocardial electrodes where manipula- 

35 tion of the electrode after it is positioned in the heart 
releases hooks, tines or prongs to secure the elec- 
trode. 

More broadly, various surgical tools have been 
devised to facilitate the suturing of tissue in hard to 

40 reach locations. U.S. Patent No. 1,822,330, for exam- 
ple, describes a tool that sutures tissue within the 
oral cavity during a tonsilectomy. The tool is inserted 
through a natural body opening and guided visually. 
Other suturing devices join easily accessible tissue 

45 by means of preformed metal clips or staples as 
described in U.S. Patent Nos. 71 5,612; 2,881,762 and 
3,098,232. None of these known suturing devices, 
however, can suture tissue that cannot be reached or 
viewed through a natural body opening or directly 

50 after exposing the tissue through surgery. Also, 
none of these known devices are adapted to support, 
position and suture an electrode on the heart, par- 
ticularly where the suture is a closed loop and is 
removed from the point of electrical stimulation. 

55 This invention provides a surgical tool for forming 
a circular suture within normally inaccessible tissue 
comprising an elongated body, guide means 
mounted in said body for closely guiding a formable 
suture element through an axial sliding movement 

60 that ejects the suture element from one end of said 
body and including means for deflecting such a 
suture element beyond its elastic limit to impart a 
curvature of a substantially predetermined radius to 
the ejected portion of the suture element, and means 

65 for driving a suture element in said axial sliding 



movement through said guide means and past said 
deflecting means to effect said ejection along a path 
curving at substantially said predetermined radius, 
the arrangement being such that a length of such 

70 suture element sufficient to form a substantially 
closed-loop suture may be ejected. 

The suture thus formed passes through the heart 
tissue adjacent the electrode and securely holds the 
epicardial pacer electrode in electrical connection 

75 with the heart tissue. 

In a preferred form, a surgical tool in accordance 
with this invention comprises at least one tubular 
guide member mounted in said body, said guide 
member having an inner bore shaped for closely 

80 guiding a suture element through an axial sliding 
movement that ejects the suture element from one 
end of said body and including means for deflecting 
such a suture element beyond its elastic limit to 
imparta curvature of a substantially predetermined 

85 radius to the ejected portion of the suture element, 
means for driving each such suture element in said 
axial sliding movement through said bore and past 
said deflecting means to effect said ejection along a 
path curving at substantially said predetermined 

90 radius, the arrangement being such that a length of 
such suture element sufficient to form a substan- 
tially closed-loop suture may be ejected, means for 
releasably supporting an epicardial pacer electrode 
at said one body end, and means for detaching the 

95 electrode after a suture is fully ejected. 

The distal end of the tool body may have an 
interior recess adapted to receive a reslliently 
deformable plug on the rear face of the electrode. 
When the plug is seated in the recess, the suturing 
100 tool can direct the electrodeto an implantation site 
on the heart muscle. The distal end of the body and 
the attached electrode may be slanted with respect 
to the longitudinal axis of the body to facilitate plac- 
ement and implantation of the electrode. The body 
105 may also have a generally low cross-sectional height 
to facilitate its passage under the rib cage of a 
patient. 

A slot in the underside of the suturing tool may 
receive and grip an electrical lead from the pacer 

110 electrode to the pacer electronics. This immobilizes 
the lead and prevents it from interfering with the 
insertion or implantation procedures. When the 
pacer electrode is properly positioned on the heart, a 
forward movement of the plunger over a first portion 

115 of its travel may eject said two suture elements 
which penetrate the heart tissue to secure the elec- 
trode to the heart. A further forward movement of 
the plunger and an axially slldeable separating rod 
may then push the resilient electrode plug out of the 

120 tool recess to detach the pacer electrodefrom the 
tool. The forward movement of the separating rod 
may also cam the electrode lead from the slot in the 
underside of the tool. A portion of the slot may be 
formed by a recess In the separating rod and the cam 

125 may be an inclined rear surface of the recess. 

A specific embodiment of this invention will now 
be described by way of example, and not by way of 
limitation, with reference to the accompanying draw- 
ings in which :- 

130 Fig. 1 is a top plan view of a suturing tool accord- 
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ing to this invention adapted to secure an epicardial 
pacer electrode to a iieart; 

Fig. 2 is a view in side elevation of the tool and 
electrode shown in Fig. 1 ; 
5 Fig. 3 is an enlarged view in section taken along 
the line 3-3 in Hg.1; 

Fig. 4 is a bottom plan view with portions broken 
away corresponding to Fig. 3 and showing a slot in 
the underside of the tool for releasably securing the 
10 electrode lead; 

Fig. 5 is a view in section taken along the line 5-5 of 
Fig. 2; 

Fig. 6 is a detail view in sectioii and partially in 
elevation of the electrode and the adjacent portions 
15 of the tool taken along the Iine6r6 of Fig. 1; 

Fig. 7 is a view in section taken along the line 7-7 in 
Fig. 6; 

Fig. 8 is a view in end elevation corresponding to 
Fig. 7 of the suturing tool; 
20 Fig. 9 isa view in section taken along the line 9-9 in 
Fig. 6; 

Fig. 10 is a detail view in side elevation of one die 
member; 

Fig. 11 is a top plan view of the electrode; and 

25 Fig. 12 is a view in front elevation of the electrode 
shown in Fig. 11. 

Referring now to the accompanying drawings, the 
surgical suturing tool 12 is particularly adapted to 
suture an epicardial pacer electrode 18 to a heart. 

30 The tool 12 has a generally elongated body 14 prefe- 
rably formed of a rigid molded pliasticssuch as 
polycarbonate. One end 129 of the tooi haa a pistol 
like handle 1 6 that allows a surgeon to grip the tool 
comfortably, guide it accurately and operate it easily 

35 during the suturing procedure. The other distal end 
or head 126 of the tool is adapted to hold the epicar- 
dial pacer electrode 18 and guide it to the desired 
attachment point on the heart. A hand operated 
plunger 20 slides axially in a recess 22 within handle 

40 16. The plungertravels between a retracted positron 
and a full forward position. During a first portion of 
its forward travel {to the right as shown) the plunger 
sutures the electrode to the heart During a second 
portion of its fonward travel, the plunger detaches 

45 the electrode and its electrical lead 40 from the tool 
12. 

The plunger 20 has two extension arms 24, 24 
which slide axially in die passages 26, 26. The die 
passages 26, 26 are circular in cross section and 

50 extend thefull length ofthe body 14from the handle 
16 to the end face 12c. They may be formed of stain- 
less steel hypodermic tubing. These passages clos- 
ely guide the extension arms 24, 24 as well as pusher 
wires 28, 28 and suture elements 30, 30 held in the- 

55 die passages. The pusher wires 28, 28 are relatively 
stiff, preferably formed of .010 diameter stainless 
steel. The suture elements 30, 30 are formed of a 
suitable malleable material which will retain a set 
after being stressed beyond its elastic limit, prefer- 

60 ably half-hard elgiloy. Each extension arm 24 is 
associated with and axially aligned with one pusher 
wire 28 and one suture 30. These elementsare in 
end-abutting relationship so that a forward move- 
ment of the plunger from its retracted position is 

65 translated into a corresponding movement of the 



associated wire and suture within the surrounding 
die passage 26. 

With particular reference to Figs. 6-10, the distal 
ends 26a, 263 of the die passages 26, 26 within the 
70 head portion 126 of the tool are curved so that suture 
elements 30, 30 emerge from the die passages 26, 26 
following an arcuate path 31 whose curvature is 
determined by the curvature of the die passages 
ends 263, 269. The curvature ofthe ends 26a, 26a is 
75 selected so that operation ofthe plunger drives the 
suture elements to penetrate heart tissue first at 32 
(Bg. 8},then at34, and finallythrough notches36 
(Rgs. 6 and 12) in pacer electrode 18. The fengths of 
suture efements are sufficient to form closed-loop 
80 circular sutures that reliably secure the electrode to 
the heart with a projecting electrical stimulation elec- 
trode38 ofthe electrode 18 implanted in the heart 
tissue. The projecting electrode 38 is of conventional 
design and includes a cutting member 38a and a 
85 coiled conductor 386 that supports the cutting 
member and transmits a heart stimulating electrical 
signal from a pacer (not shown) to the heart muscle. 
An electrical lead 40 transmits the signal from an 
implanted pacer (not shown) to the projecting elec- 
90 trode 38. It should be noted that an advantage with 
the tool being described is that the trauma caused by 
suturing is isolated from the point of electrical 
stimulation. Another advantage is that the tool forms 
two closed-loop sutures to secure the electrode to 
95 the heart with a high degree of reliability. 

The electrode is releasably secured on the inclined 
end face 12c ofthe tool head 126. The tool 12 is 
therefore useful not only in suturing, but also in 
guiding the electrode to the proper location on the 
100 heart, usually following a path under the rib cage 
from an incision in the abdomen where the paceris 
implanted. The overall geometry ofthe tool 12 is 
also that it facilitates this insertion procedure. The 
length is selected so that the handle 16 and the 
105 plunger20 are readily grasped and manipulated 
when the electrode is positioned on the heart. The 
cross-sectional width ofthe tool body is greaterthan 
the height (Figs. 5 and 9) to slide under the rib cage. 
The head 126 and the electrode 18 mounted flush 
110 againsttheendface ofthe head are tilted downwa- 
rdly so that the electrode 18 is generally abuts the 
adjacent frearttissue atthe implantation site. Thistilt 
also slants the electrode lead 40 projecting from the 
lower edge ofthe electrode 18 to facilitate the inser- 
1 1 5 tion of the electrode. The handle 1 6 is horizontally 
oriented to minimize its interference with the inser- 
tion. 

With partrcu lar reference to Figs. 7 and 1 1 , the 
electrode 18 has a resilient protrusion 42 with an 

120 enlarged, generally cylindrical end portion 42a 
adapted to seat in a generally cylindrical recess 44 
formed in the head 126 of the tool. The electrode is 
secured on the tool by pressing the protrusion 42 
into a narrowed distal end 46a of a central channel 

125 46 in the body 14 until the portion 42a seats in the 
recess 44. A separating element or rod 48, preferably 
formed of a rigid molded plastics, slides axially in 
the channel 46 which extends from the recess 22 in 
the handle 16 to the end face 12c of the tool lead. As 

130 shown in Figs. 1 and 2, one end 48a ofthe rod is 
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adapted to engage the plunger 20. The other end 486 
is of reduced width and adapted to engage the resi- 
lient protrusion 42 of the electrode when it is seated 
in the recess 44. During the first portion of the travel 

5 of the plungerfrom the fully retracted position, it 
acts through the extensions 24, 24 and the pusher 
wires 28, 28 to drive and eject the circular sutures. At 
the end of the second portion of the travel the rod 
pushes the protrusion 42 out of the recess 44 and 

10 thereby detaches the electrode 18from the tool 12. 
The last portion of the travel also connpletesthe ejec- 
tion of the sutures. The initial p^ition of the rod 48 is 
shown in solid lines in Fig. 3 and the full forward 
position is shown in phantom. 

1 5 With reference to Figs. 2-4, the rod 48 also oper- 
ates to detach the lead 40 which is held in part in a 
slot 50 defined by an opening 52 in the bottom wall 
of the body 14 and a recess 54 formed in the rod 46. 
When the plunger is fully retracted, the recess 54 

20 overlies the slot 52. They together receive a portion 
40a (Figs. 2 and 5) of the lead. The side walls 52a, 52a 
of the opening 52 are upwardly narrowing to prom- 
ote the insertion of the lead into the slot but block its 
movement out of the slot once it is fully inserted as is 

25 best seen in Fig. 5. This immobilizes the lead during 
insertion and minimizes the likelihood that it will 
interfere with the insertion or suturing operations. 
When the suturing is completed, the forward sliding 
movement of the rod 48 causes a sloped cam surface 

30 56 at the rear of the recess 54 to engage the lead and 
drive it out of the slot 50. The lead is thus released 
from the tool just before the electrode is detached. 
To prepare the suturing tool 12 for operation, the 
plunger 20 is removed and the suture elements 30, 

35 30 are each inserted into one of the die passages 26, 
26 through the handle recess 22. Next, the pusher 
wires 28, 28 are inserted into the passages 26, 26 in 
the same manner. The separating rod 48 is inserted 
Into the channel 46 with the recess 54 aligned with 

40 the slot 52 in the tool body. The plunger 20 Is 

replaced in the recess 22. Finally, the pacer electrode 
Is fixed on the head 126 and the lead portion 40a is 
jammed into the slot 50. The tool is then ready for 
use. 

45 Using a small incision bel ow the rib cage, the tool 
carrying the electrode is inserted into the body and 
guides the electrode to the heart by mediastinos- 
copy. When the electrode is in the proper location, 
the plunger is pushed forward. The first portion of its 

50 travel ejects and forms the suture elements 30, 30 
into closed-loop circular sutures that permanently 
attach the electrode to the heart. In the last portion of 
its travel, the separating rod ejects the electrode and 
its leads from the suturing tool. The tool is then 

55 withdrawn, leaving the pacer electrode attached to 
the heart. Priorto actually applying the electrode to 
the heart, the tool with the probe can be utilized for 
exploring or mapping the heart with regard to sen- 
sitivity. This is advantageous as compared with 

60 mapping initially with a separate probe because of 
the difficulty of returning exactly to the same spot 
with a separate electrode. 

There has been described a surgical tool that 
sutures an epicardial pacer electrode to the heart 

65 without the need of directly exposing the heart by a 



thoracotomy which is a substantially more hazard- 
ous procedure than a small incision below the rib 
cage. Also, the tool sutures the pacer electrode to the 
heart with the sutures spaced from the point of elec- 

70 tncal contact with hearttissue to minimize trauma. 
The tool is of simple and inexpensive construction. 

Although the suture forming tool disclosed herein 
has particular utility in attaching an epicardial pacer 
electrode to the heart, it should be understood that 

75 the tool may be advantageously applied to other 
medical prgcedures since the tool allows the forma- 
tion of closed loop sutures at remote locations 
within the body. A tissue tear may be repaired, for 
example, without the necessity of fully exposing the 

80 site as would be required with conventional suturing 
techniques. Also, while a tool has been described for 
forming a pair of sutures, it can readily be adapted to 
form only one or more than two sutures. 
CLAIIVIS 

85 1. A surgical tool for forming a circular suture 
within normally inaccessible tissue comprising an 
elongated body, guide means mounted in said body 
for closely guiding a formable suture element 
through an axial sliding movement that ejects the 

90 suture element from one end of said body and incl- 
uding means for deflecting such a suture element 
beyond its elastic limit to impart a curvature of a 
substantially predetermined radius to the ejected 
portion of the suture element, and means fbr driving 

95 a suture element in said axial sliding movement 
through said guide means and past said deflecting 
means to effect said ejection along a path curving at 
substantially said predetermined radius, the arrang- 
ement being such that a length of such suture ele- 
100 ment sufficient to form a substantially closed-loop 
suture may be ejected. 

2. A surgical tool according to claim 1 wherein 
said driving means includes plunger means axially 
slidable within said body and means for operatively 

105 connecting said plunger and a suture element. 

3. A surgical tool according to claim 2 wherein 
said connecting means comprises a pusher wire car- 
ried in said guide means to extend between said 
plunger means and a suture element. 

110 4. A surgical tool according to any preceding 
claim wherein said deflecting means comprises a 
curved end portion of said guide means to be dis- 
posed adjacent said tissue. 
5. A surgical tool for forming a circular suture to 

1 1 5 secure an epicardial pacer electrode to a heart, com- 
prising an elongated body, at least one tubular guide 
member mounted in said body, said guide member 
having an inner bore shaped for closely guiding a 
suture element through an axial sliding movement 

120 that ejects the suture element from one end of said 
body and including means for deflecting such a 
suture element beyond its elastic limit to impart a 
curvature of a substantially predetermined radius to 
the ejected portion of the suture element, means for 

125 driving each such suture element in said axial sliding 
movement through said bore and past said deflect- 
ing means to effect said ejection along a path curv- 
ing at substantially said predetermined radius, the 
arrangement being such that a length of such suture 

130 element sufficient to form a substantially closed- 
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loop suture may be ejected, means for releasably 
supporting an epicardial pacer electrode at said one 
body end, and means for detaching the electrode 
after a suture is fully ejected. 

5 6. A surgical tool according to claim 5 further 
comprising means for releasably holding a portion 
of anelectrical lead of an epicardial pacer electrode 
supported at said one body end of the tool that is 
spaced from the electrode. 

10 7. A surgical tool according to claim 6 wherein 
said detaching means includes means for releasing a 
lead held by said holding means. 

8. A surgical too! according to claim 5, 6 or 7 
wherein said deflecting means comprises a curved 

15 section ofsaid tubular guide member disposed at 
said one body end. 

9. A surgical tool according to claim 7 wherein 
said driving means includes plunger means axially 
slidable within said body and means for operatively 

20 connecting said plunger and a suture element. 

10. A surgical too! according to claim 9 wlierein 
said connecting means includes a pusher wire car- 
ried in said guide member to extend between said 
plunger means and a suture element. 

25 11. A surgical tool according to claim 9 wherein 
said electrode support means comprises a recess 
formed in said one body end and adapted to engage 
a resilient connecting member of an epicardial pacer 
electrode. 

30 12. A surgical tool according to claim 11 wherein 
said detaching means includes a member axially 
slidable in said body to be operatively connected 
between said plunger means and a resilient connect- 
ing means of an epicardial pacer electrode. 

35 13. A surgical tool according to claim 12 wherein 
said plunger means is operatively connectible to a 
suture element throughout said axial sliding and is 
operatively connectible to said slidable member dur- 
ing a final portion of said sliding. 

40 14. A surgical tool according to claim 12 wherein 
said lead holding means comprises an opening 
formed in said body and a recess formed in said 
slidable member and aligned with said opening 
when said plunger is in a retracted position. 

45 15. A surgical tool according to claim 14 wherein 
said recess has a cam surface adapted to drive an 
epicardial pacer lead from said recess and said open- 
ing when said slidable member slides toward said 
one body end. 

50 16. Asurgical tool forforming a pair of circular 
sutures to secure an epicardial pacer electrode with 
an electrical lead to a heart with the sutures spaced 
from the point of electrical connection between the 
electrode and the heart, comprising 

55 an elongated body, 

a pair of formable suture elements, 
a pair of tubular guide members mounted in said 
body and extending generally along the longitudinal 
axis ofsaid body, said guide members each having 

60 an inner bore shaped for closely guiding one of said 
suture elements through an axial sliding movement 
that ejects said one suture element from one end of 
said body and each including a curved section dis- 
posed at said one body end for deflecting said one 

65 suture element beyond its elastic limit to impart a 



curvature of a substantially predetermined radious 
to the ejected portion of said one suture element, 
plunger means axially slidablewithin said body 
for driving said pair of suture elements in said axial 

70 sliding movementthrough said bores and a past 
said curved section to affect said ejection along a 
path curving at substantially said predetermined 
radius, the length of each of said suture elements 
being sufficient to form a substantially closed-loop 

75 suture when fu lly ejected, 

a pair of pusher wires operatively connected bet- 
ween said plunger means and said pair of suture 
elements, 

means for replaceably supporting said electrode at 
80 said one body end, 

a member axiallyslidable in said body and opera- 
tively connected between said plunger means and 
said supporting means, said member being struc- 
tured to detach said electrode as said suture is fully 
85 ejected, 

means for replaceably holding a portion ofsaid 
lead that is spaced from said electrode and 

means for releasing said lead. 

17. A surgical tool for forming a circular suture 
90 within normally inaccessible tissue substantially as 
hereinbefore described with reference to, and as 
shown in, the accompanying drawings. 
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